VERYlittle is known of the habits and life-cycles of any of our plankton animals throughout the year. In this report an attempt is made to piece together the results of studies of different aspects of the natural history of SagittaelegansVerrilland SagittasetosaJ. Mullerin the offshorewaters near Plymouth, to see how far we can get' towards making a complete picture of the two species.
VERYlittle is known of the habits and life-cycles of any of our plankton animals throughout the year. In this report an attempt is made to piece together the results of studies of different aspects of the natural history of SagittaelegansVerrilland SagittasetosaJ. Mullerin the offshorewaters near Plymouth, to see how far we can get' towards making a complete picture of the two species.
I have already published three reports attempting to give an idea of the growth and breeding of Sagitta throughout the year (9, 10, and 11), and an account of its changes in vertical distribution from day to night (8).
In the present paper I shall give results of observations on the vertical distribution of the two species in the daytime, together with data on their relative abundance during the seasons, and review these results and those on breeding and growth as a whole. The paper is accordingly divided into three parts: 1, on the vertical distribution; 2, on the seasonal abundance; and 3, the whole picture as far as indications show at the moment.
THE VERTICAL DISTRIBUTION OF S. ELEGANS AND S. SETOSA.
Collections were made in 1926, during the period from April to . September inclusive, with the 2-metre stramin ring-trawl. Some of the results of these collections have already been published, namely, on the young fishes (7) and on the copepod, Calanus finmarchicus (6). The full details of collecting have been given in the first of these publications (7), so that it will be sufficient here to give only the actual results of the collections. These are shown in Table I and in the diagrams of the vertical distribution in Figure 1 . In this figure are given the percentage vertical distribution in the daytime at different times of the year for S. elegans (above) and S. setosa (below). The actual distributions on the days in question can be seen at a glance from the figure. It is, however, necessary The white spots and black circles indicate the average depths at which the hauls were made. The times given are Greenwich Mean Time and denote the time at which the first haul in a series was begun and at which the last haul was finished.
In the upper half are superimposed the curves of equal light intensities in kilo metre-candles based on transparency measurements with the Secchi dise at the time of collecting and estimated air illuminations (see text). On June 30th there was no transparency measurement.
to point out that this distribution relates only to a population such as is sampled by the stramin material of which the ring-trawl is made. On the whole, therefore, the majority of the early stages, probably from about 7 or 8 mm. in length and less, will be missing.* It must also be realised that these diagrams show the distributions of the populations thus sampled as a whole,. it has already been shown by others and myself (8) that there is a tendency for the younger animals to be nearer the surface than the older. It is probable though that on account of the selective capacity of the straminnet our data deal mostly with the larger individuals so that we have a fairly true idea of the behaviour of the average-sized fullgrown individuals; the very small and very large will also usually be too few in number to make any very marked difference in the precentage figures.
At the time the collections were taken observations were made on the weather and sky conditions, and also on the transparency of the water by means of a Secchi disc. These observations are published in the complete log given on pages 668to 670 of a previous report (7). An attempt has here been made to translate these observations into the rather more definite terms of light intensity. For the past two years Dr. W. R. G. Atkins has kept a continuous light intensity recorder in action with the recording photo-electric cell on the roof of the Plymouth laboratory (3). From studying the curves of intensity thus obtained he has gained a fund of knowledge on the strengths of light to be found at different times of the year under varying weather and sky conditions. On the basis of my observations at the time of collecting he has very kindly given me the approximate light intensities to be expected under the various weather and sky conditions. As each series of collections took about two hours it is necessary to decide on a time on which to base the light intensity approximations, and the times taken are those about midway through the collecting periods.
I give on page 562 the figures for light intensityt given me by Dr. Atkins, the times on which they were based, and also the depths at which the Secchi disc disappeared on the days in question.
From the readings obtained by means of the Secchi disc I have calculated coefficients of absorption for the days in question using the formula p,=~~given by Poole and Atkins (2, p. 310 It cannot be too strongly insisted that these light intensity figures are not actual data obtained at the times of collecting, and that while the surface illuminations may reasonably be supposed to lie fairly near the truth the coefficients of absorption as given by the Secchi disc are only very approximate, the effect of a slight increase or decrease in transparency having a comparatively greater effect on the penetration of light than wide variations in surface illumination. I have, however, inserted these calculated results as they probably give a more concrete guide to the light conditions beneath the sea on the days on which collections were made than would such expressions as " cloudless" or " dull."
With this understanding, then, we can examine the diagrams in Figure 1 . We notice that from April to June there is a distinct tendency for the Sagitta elegans to move deeper in the water; that while in April they are mostly concentrated around about 15-25 metres, in June they are mostly well below the 20-metre level, and indeed judging from the low numbers caught (see Table I same time there are differences to be noticed from day to day, slight rises or falls in the depths at which the animals are most abundant. It is interesting to note that these differences appear to be definitely correlated with the strength of the light, rising and falling in agreement with the lines of equal iutensities. Beariug iu miud the limitations of our method also it is interestiug to see that duriug this period the Sagitta have certaiuly avoided the highlight intensities from about 20 km.c. upwards. There is also an indication that in May and June the regions of maximum abundance lie even below 5 km.c., this perhaps beiug an iudication that with advanciug age the Sagitta become more sensitive to light. The only exception to this is on May 19th when a small secondary region of maximum abundance appears at 5 metres; examination of the Sagitta has, however, shown that this maximum was composed entirely of very small individuals and all the larger animals were deep down; the numbers caught on this day also were extremely low.
When now we examiue the diagrams for July, August, and September the indications are quite materially different. We find on the three bright days, July 13th and 26th and August 4th, a great number of Sagitta up above the ten-metre level where they must have experienced light intensities of over 20 km.c., many liviug in 30,40, and even 50 km.c.* These are intensities which the Sagitta very definitely seemed to avoid earlier in the year. It is also interestiug to note that on July 6th, when the weather was very dull and cloudy and these high-light intensities were not even to be found on the surface itself, the Sagitta were much more evenly distributed from the upper layers downwards, and showed no definite massiug at any depth as they did on other days. They were, however, absent at the surface itself.
An examination of the diagrams for S. setosashows exactly the same type of results. In this species, however, the animals are almost consistently a little higher iu the water than S. elegans. In a previous report on the distribution of S. setosaat dusk (8, p. 396) it was stated that " on the whole there is a tendency for all stages to be slightly higher in the water than the corresponding stages of S. elegans at the same time: whether this difference is shown also in the daytime we cannot say until further observations have been made." This suggestion then would appear now to be confirmed.
We notice also the same risiug towards the surface iu July and August, and the tendency towards an even distribution from the surface downwards on July 6th, and also on September 22nd, another dull day, but on this day hardly any S. eleganswere caught. It seems almost as though at this time of year the lower limit of light intensity above which the Sagitta are perhaps stimulated to move upwards towards an optimum is very high, and that below this limit they become indifIerent to light, a phenomenon that would only have appeared after dusk intensities earlier in the year. It is interesting that the copepod Anornalocera patersoni shows a parallel behaviour. This is an animal which on bright sunny days crowds right near the surface, and it also shows a tendency to become more evenly distributed from the surface downwards on dull days (see 4, p. 585 and Fig. 7) . One wonders whether after such dull days Sagitta would migrate at all at night.
If we compare the results for Sagitta given in Figure 1 with those in a previous publication (4, p. 577 and Fig. 5 ) recording similar observations made in 1925 we find a general confirmation. On that occasion the correct identification of the Sagitta had not been made and the two species were grouped together as S. bipunctata. The diagrams given in Figure 5 of 4 appear, however, to be so like those for S. elegansin 1926 given in Figure 1 here that it is probable that they refer to this species. The 1925 results also show the sudden rise of Sagitta into the upper layers during July and August, and the avoidance of the actual surface itself which is more characteristic of S. elegansthan of S. setosa.
This appearance of Sagitta in the upper well-illuminated layers in July and August, and perhaps September, is very striking. I have already shown that the copepod Oalanusfinrnarchicus shows the same behaviour (6). A similar change in vertical distribution was also shown by Tomopteris helgolandicain 1925 (4, p. 578; Fig. 5 , and pp. 575-576) although they did not seem to rise so near the surface. The post-larval young of teleostean fish also showed a similar type of change, the young of summer spawning species tending on the whole to live nearer the surface than those of spring spawning species (7, p. 646).
That animals belonging to such widely different groups should all show this same type of change in behaviour at this period of the year is very remarkable and it must surely indicate a phenomenon of rather fundamental importance, and may have some significance in the relation of vitamin content (12).
THE SEASONAL ABUNDANCE OF S. ELEGANS AND S. SETOSA.
Since February, 1930, regular collections, usually at weekly intervals, have been made with the 2-metre stramin ring-trawl at a position 2 miles east of the Eddystone. These were oblique hauls of half an hour's duration (see 7, p. 640). The numbers of S. elegans and S. setosa in these catches have been recorded and for most dates are already published in Tables in 9, 10, and 11. The results of any 9011ectionsnot yet published are given in Table II at the end of this paper. The numbers of Sagitta caught in each haul during the period February, 1930. to September, 1932, are shown graphically in Figure 2 in which the curve for S. elegans is the unbroken line and that for S. setosa is the broken line. In the lower half of this same figure (Fig. 2) are given the percentage proportions of the two species in each catch (S. elegans, black; S. setosa,white). It can be seenat once from these percentage figures that during the period examined there has been a change over in the compositIon of the catches from almost pure S. elegans in 1930 to almost pure S. setosa in 1932. A similar preponderance of one species over the other in different years has also been shown by Meek (1) for the North Sea.
As regards the actual abundance there appears to be a regular periodicity in the curves. That for S. elegans shows two periods of maximum abundance both in 1930 and in 1931, namely, in February and in July, August and September in 1930, and in March and in August-September in 1931. After this date its numbers died down too low to show significant changes, though they are slightly indicated in January and in August in 1932.
The curve for S. setosa also appears to show two periods of maximum abundance both in 1931 and in 1932, namely April and a period starting in August and lasting until November in 1931, and in March and in August to November again in 1932 (see Table II , p. 573). In 1930 S. setosa was not sufficiently abundant to give significant resnlts.
With our knowledge of the breeding periods of Sagitta one would assume that the increase in numbers shown by both species in these oblique haul collections was due to an increase in stock following the successive summer spawnings. This stock of S. elegans appears to die down in September after the last spawning for the year, while the stock of S. setosaappears to die down in November after the last spawning of the year, which for this species occurs in October. During the winter months their numbers are very low. From further observations it appears, however, that this impression may be false. From July, 1927, until May, 1928, collections were made with a stramin plankton net fishing immediately above the bottom (5 and 7, p. 647). These collections were made at three positions offshore, usually at weekly intervals, and each haul was of half an hour's duration. The numbers of Sagitta taken in these collections are given in Table III , in which also are given the average catch per week and these averages multiplied by 8.5 (7, p. 647) to make them comparable with those of a two-metre stramin net.
Examination of Table III shows that there is no indication whatever of the great diminution of numbers of Sagitta shown by the oblique hauls in the winter months in Figure 2 .
It is unfortunate that oblique haul collections are not available for the same twelve months as those in which the bottom-net catches were made. But in view of the consistency of the results shown by the oblique hauls it seems permissible to assume that in the twelve months in 1927-1928 if oblique hauls had been available the same dying down in numbers would have been shown during the winter months as in other years. This would indicate that the decrease in numbers does not represent an actual dying off of the Sagitta, but is due to a descent of the animals to the bottom layers, either very close to the bottom itself or at any rate below the deepest level reached by the oblique hauls. I have indirect confirmatory evidence that this may be so in that in the bottom-net catches the copepod, Calanusfinmarchicus, did show a genuine diminution in numbers in the winter months as it does in the oblique hauls. If Sagitta too dies down it should also have shown a diminution in the bottom catches as did Calanus, but as we have said this was not so.
There is furthermore evidence that most small catches of Sagitta occurred in the bottom net during the months May to October; and it is significant that in July, August, and September, at any rate, the Sagitta are high in the water. Possibly also S. setosamay be high in the water in October as it is spawning during that month-the bottom-net catches for October were almost all S. setosa, showing that it predominated over S. elegans at that period. One cannot help feeling that simultaneous oblique and bottom hauls would show that generally when the numbers of Sagitta were low in one net they would be high in the other and vice versa. There is, however, a possibility that there may be a genuine diminution in numbers in May and June as both the oblique hauls and the bottom hauls show low numbers in these months; but the number of observations made with the bottom net in these months is insufficient to draw definite conclusions, and I have already shown that on a very bright day in June the Sagitta may be driven right to the bottom and only appear in larger numbers in hauls in the upper water layers at light (8, p. 404). In the daytime the oblique hauls would fish for the majority of the time in the upper unpopulated layers and would consequently give small catches.
A complete analysis of the two species in the bottom-net catches was not made as the results would not have warranted the labour, seeing that oblique haul catches were not available at the same time. But an examination of occasional catches showed that while in the period June, 1927, to February, 1928, S. setosa predominated completely, after that date S. elegans and S. setosa were present in about equal proportions.
The results so far obtained emphasize that in a study of the seasonal distribution of Sagitta it is essential that all water layers be sampled from the very bottom to the surface if we are not to be misled in our conclusions. I have already shown this to be so for adult Tomopteris helgolandica (4, p. 576). DEe.
---- When we review the results of the previous observations on Sagitta we feel that we can begin to assemble a partial picture of their life-stories and habits.
Sagitta is an animal which passes through several generations in the year, possibly 5 or 6 according to the species. During November to January there is no breeding. The adults of the different broods grow to different sizes, the adults appearing in April and May being the largest on the average. During the spring months the Sagitta are living in the upper water layers in the daytime, appearing to dwell around a depth at which a light intensity of a little below 20 k.m.c. will be found. At the same time the larger individuals tend to seek lower intensities and thus go deeper in the water which is consonant with the increased sensitivity with advancing age. At this period ofthe year (April and May) on dull days the Sagitta will be nearer the surface than on fine days. The brood succeeding in June appears to show a similar habit and on very bright days may retire almost to the bottom itself. But the new broods appearing in July and August show a marked difference, not avoiding on bright days those depths in the upper water layers where intensities of 20 k.m.c. and over may be found. At this time of year if the day is dull they appear to be indifferent to the light and may be found in equal numbers at almost any depth. The offspring of the last spawning brood in September in S. elegans and October in S. setosaperhaps (ifthe bottom net results be rightly construed) leave the upper layers and keep near the bottom until the following February, when they are mature and ready to spawn, at which time they appear to rise in the water again, as is indicated by the sudden increase in numbers of S. elegans in the oblique hauls in February. Throughout the year, at any rate in the summer months, the vertical distribution of Sagitta changes daily when night comes on, the animals either migrating right to the surface at dusk or exhibiting other types of distribution ending in an even distribution at night according to their position in the water on the previous day. This is the general indication that appears to come out of these researches and I have expressed this idea graphically in Figure 3 for S. elegans. In this figure the Sagitta are drawn to scale (half natural size) to show the difference in size of the adults at different times of the year. I have also inserted the curves of equal intensities of light that might be expected about midday on cloudless days (based on Poole and Atkins, 2). Of special interest is the brightening of the deeper layers in the winter owing to the increasing transparency of the water perhaps due to the scarcity of plankton animals at that time. (For an idea of the approximate strengths of light see 8, p. 400 and Fig. 5 .) It must be realised that this figure is very hypothetical as it cannot be said yet that any of our results are sufficiently definite to supply the whole picture, especially during the period November to March inclusive; but I have given it in this form to clarify our ideas on the subject so that we may see the whole problem at a glance, and in order that others may be stimulated to make a completer survey of this and other plankton animals.
SUMMARY.
1. Observations are given on the vertical distribution of Sagitta elegans and S. setosain the daytime.
2. An account is given of the seasonal abundance of both species of Sagitta throughout the year as shown by collections made with oblique hauls with the 2-metre stramin ring-trawl and hauls with a bottom plankton net.
3. An attempt is made to piece together as much as possible of the. life-stories and habits of Sagitta in offshore waters off Plymouth on the basis of these and previous observations. 
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